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Abstract
Background Rifampicin’s ability to induce hepatic
enzymes is responsible for causing a clinically significant
drug interaction with warfarin. Little data exists to guide
clinicians on managing this interaction, especially in Sub-
Saharan Africa where many patients are exposed to this
combination due to a higher burden of tuberculosis.
Objective The objective of the case series is to provide
insight to practicing clinicians of the unique dynamics of
this drug interaction in resource-constrained settings. The
case series will provide details on commonly encountered
scenarios and the dosage adjustments required to maintain
a therapeutic INR.
Methods A retrospective chart review was conducted of
patients attending the Moi Teaching and Referral Hospital
anticoagulation clinic in Eldoret, Kenya. Patients were
included if they had a history of concurrent rifampicin and
warfarin therapy and a minimum follow up of 2 months.
Descriptive statistics were used to explain the demographic
characteristics, time to therapeutic INR and average
weekly warfarin dose. The inference on proportions test
was conducted to compare the time in the therapeutic range
(TTR) for patients on concurrent rifampicin to the rest of
the patients not receiving rifampicin in the clinic.
Results Of the 350 patient charts evaluated, 10 met the
inclusion criteria. The median percentage increase of the
weekly warfarin dose from baseline was 15.7 %. For the
patients in this analysis, the median TTR was 47 %.
Discussion Patients on concurrent therapy should be
rigorously monitored with regular INR checks and warfarin
dosage adjustments. Empiric dosage adjustments of war-
farin should be avoided but patient characteristics can aid
in understanding the alterations seen in INR.
1 Background
Vitamin K antagonists (VKAs), such as warfarin, form the
foundation of anticoagulation therapy due to their proven
effectiveness and affordability [1]. For decades, VKAs
have been indicated for both the prophylaxis and treatment
of venous thromboembolism (VTE) and thromboembolic
complications associated with atrial fibrillation and cardiac
valve replacement. In addition, they have been shown to
reduce the risk of death, recurrent myocardial infarction
and thromboembolic events such as stroke [2]. Despite
their benefits and widespread use, many challenges are
faced when using warfarin. These include variable inter-
patient warfarin dose response due to age, co-morbidities,
liver function, albumin level, genetic polymorphism in
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enzymes, and numerous drug-drug/drug-diet interactions
[1, 3–5]. Consequently, close monitoring using the inter-
national normalized ratio (INR) and patient specific dosing
must be applied when utilizing warfarin [5].
Because of its pharmacokinetic and metabolic profile,
warfarin is prone to having drug-drug interactions affecting
the intensity of monitoring and clinical efficacy. Warfarin
is a racemic mixture of both R and S enantiomers. The
enantiomers differ in that R-warfarin is less potent and has
a longer half-life when compared to S-warfarin. In addi-
tion, R-warfarin is metabolized by the enzymes cyto-
chrome P450 (CYP) 1A2 and CYP 3A4, whereas
S-warfarin is metabolized by CYP 2C9 [6]. It is noted that
rifampicin is a potent and nonspecific inducer of the
hepatic CYP450 oxidative enzyme system. Although it is
recognized that rifampicin causes marked enzyme induc-
tion of CYP 3A4, it is still considered to have an enhanced
effect on the metabolism of both enantiomers [7]. Impor-
tantly, the accelerated clearance can lead to compromised
efficacy and reduced anticoagulant effects of warfarin [8].
The clinically significant alterations in the INR can create
the need for more intense monitoring and large warfarin
dose adjustments.
Currently, only seven case reports have been published
describing the interaction between warfarin and rifampicin,
all of which come from the developed world where
tuberculosis (TB) rates are much lower [5, 9–14]. Due to its
efficacy and relative affordability, rifampicin is part of the
first line regimen for treatment of TB [15]. With an
increased prevalence of TB in developing countries, it is
likely that there is increased use of rifampicin, and thus,
more concern for the potential drug–drug interactions with
warfarin in these settings.
According to a study carried out on the global burden of
TB, 10 of the 22 countries with the highest incidence rates
per capita of TB are in Africa. In the same report, Kenya is
ranked 15th in the list of 22 high-burden TB countries, with
an incidence of 288 per 100,000 population [16]. The
Kenya National Leprosy and TB Treatment Guidelines
(2009) recommend the use of rifampicin, isoniazid, eth-
ambutol and pyrazinamide as first line therapy for
2 months, followed by 4 months of rifampicin and isoni-
azid. In Kenya, all TB medications in the standard medi-
cation regimen are provided for free by the ministry of
health in the form of fixed dose combinations. With the
reliance on a 6-month TB regimen, all patients are to
receive TB medications via directly observed therapy,
which typically occurs in the presence of a relative or
friend that lives in close proximity to the TB infected
patient [17].
Because of the higher prevalence of TB and emerging
availability of anticoagulation services in this setting, there
exists a growing population of patients who are facing this
drug interaction [18, 19]. Even though anticoagulation
clinics have been shown to improve patient outcomes when
compared to individual physician care, the limited data
concerning this drug–drug interaction in this population
presents an enormous challenge to clinicians providing
care to patients on concomitant rifampicin and warfarin
therapy [2]. Without data from patients receiving care in
developing countries, clinicians have to rely primarily on
the previously published case reports conducted only in
developed countries, some of which suggest the need to
increase warfarin doses by greater than 100–200 % [5, 9,
10].
The objective of this case series is to provide insight to
practicing clinicians on the unique dynamics of the drug
interaction between rifampicin and warfarin therapy in a
resource-constrained setting in western Kenya. The case
series will provide details on commonly encountered sce-
narios in these settings and the adjustments made to
maintain a therapeutic INR. With the high numbers of TB
infected patients within this setting, this represents one of
the largest case series on this often encountered drug
interaction and the first which considers the unique char-
acteristics of patients within a rural resource-constrained
setting.
2 Methods
The study is a retrospective chart review of patients
receiving concurrent anti-TB medications containing rif-
ampicin and oral anticoagulation therapy with warfarin.
This study was conducted in a pharmacist-managed
anticoagulation clinic within the Moi Teaching and
Referral Hospital (MTRH) in Eldoret, Kenya. The antico-
agulation clinic was established through a partnership
formed by the Purdue University College of Pharmacy, the
Academic Model Providing Access to Healthcare (AM-
PATH), MTRH and Moi University School of Medicine
[20]. The clinic was developed as AMPATH expanded its
scope of practice from the human immunodeficiency virus
(HIV) pandemic to chronic disease management and pri-
mary health care. Since the clinic’s inception in December
2008, it has served over 700 patients and currently has
more than 350 active patients.
The majority of patients are enrolled into the anticoag-
ulation clinic through referrals from MTRH clinicians
providing health services in the public inpatient and out-
patient clinics. Most patients are referred from the cardi-
ology, obstetrics/gynecology, internal medicine and
hematology/oncology departments. The most common
indications for anticoagulation in the clinic include VTE,
valvular damage secondary to rheumatic heart disease
(RHD) and atrial fibrillation. Patients with mechanical
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heart valves and other cardiomyopathies also receive
anticoagulation therapy within the clinic [18].
Upon enrollment into the anticoagulation clinic, an
initial encounter form is completed detailing the patient’s
demographic data, indications for warfarin and intended
duration of therapy, co-morbidities, and concurrent medi-
cations. The patients routinely visit the clinic for assess-
ment, which includes point of care INR testing, assessment
of dietary vitamin K intake, pill count based assessment for
adherence, refill of warfarin into pill boxes and monitoring
of adverse events due to warfarin such as bleeding. War-
farin doses are adjusted based on these factors using a
comprehensive protocol based on the American College of
Chest Physician Guidelines (2008) [21]. Information on the
patient encounter is recorded on a standardized form,
which is completed at every visit. The frequency of patient
visits is dependent upon the consistency of their INR
within the therapeutic range and accessibility to the clinic
[18].
The study included all patients on concurrent warfarin
and rifampicin therapy enrolled in the clinic from May
2009 to June 2011 and on follow-up at the anticoagulation
clinic for a minimum of 2 months. Patients on antiretro-
viral therapy were excluded due to the potential for addi-
tional drug interactions, which would limit the ability to
focus on the impact of rifampicin. Data was collected from
the patient charts that contained their initial encounter form
and routine assessment forms. Patients were assessed for
time to therapeutic INR, average weekly warfarin dose on
attaining therapeutic INR, time in therapeutic range (TTR)
and level of adherence. Institutional Review Board (IRB)
approval was obtained from the local institutional review
and ethics committee at MTRH/Moi University and the
Indiana University-Purdue University Indianapolis (IUPUI)
IRB.
In this study, time to therapeutic INR is defined as the
time taken to achieve two consecutive therapeutic INRs.
The average weekly warfarin doses on attaining therapeutic
INR were calculated with similar considerations. Time in
therapeutic range (TTR) is calculated using the linear
interpolation method described by Rosendaal et al. [22] and
weighted by the duration of follow-up of each patient. The
model assumes that the INR changes linearly between
measurements and estimates the percentage of time spent
in the therapeutic range. Adherence to therapy is generally
defined as the extent to which patients take medications as
prescribed by their health care providers. It may also
include details on the patient’s dose taking tendencies [23].
In this case series, our definition encompasses both and
therefore refers to adherence with the prescribed warfarin
regimen as indicated by the healthcare provider. In order to
improve outcomes from the, often complicated, warfarin
dosing regimens, all of the warfarin is dispensed in pill
boxes with adherence assessed via pill box based pill
counts at each clinic visit. The adherence of all other
medications was based on patient self-report of adherence
and utilization of concomitant medications. Descriptive
statistics were utilized to describe the demographic char-
acteristics of the population in addition to the anticoagu-
lation clinic specific metrics. The inference on proportions
test was utilized to compare the TTR between the group
concurrently treated with rifampicin and the rest of the
anticoagulation clinic [19]. Stata 11.0 was used to per-
form all statistical analyses.
3 Results
From the 350 charts reviewed, 10 met the inclusion criteria
as seen in the flow chart of enrollment in Fig. 1. As
described in the summary of patient characteristics in
Table 1, the majority of the patients included within this
analysis were female (60 %) with the main indication for
anticoagulation being VTE (80 %). The median percentage
increase of the weekly warfarin dose was 15.7 % with a
median weekly dose of 73.1 mg. For the patients in this
analysis, the median TTR was 47 % (95 % CI 12–74).
Prior analyses of the performance of the rest of the anti-
coagulation clinic revealed an average TTR of 62 % (95 %
CI 54–69). The inference on proportions test did not
illustrate a statistically significant difference between the
TTR of the rest of the anticoagulation clinic and TTR of
the group of patients on rifampicin; however, this is largely
350 patient charts assessed
30 patients were on concurrent 
rifampicin and warfarin therapy
320 patient were not on 
concurrent rifampicin and 
warfarin therapy
11 patient charts
19 patients were excluded due to 
concurrent antiretroviral therapy
10 patient charts were reviewed
1 patient had only been followed 
up for 1.5 months
Fig. 1 Flowchart of the study
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due to the difference in sample size between the two
comparison groups (17 % difference between groups, 95 %
CI [-15–48], P = 0.23). Table 2 shows the central ten-
dencies for the anticoagulation clinic specific variables
from the cases. The majority of the patients were initiated
on 35 mg/week of warfarin with the exception of cases 1, 4
and 5 who were initiated on 70 mg/week. The differences
in the initial weekly warfarin dose were based on variable
practices of the primary physicians managing those cases,
as certain providers prefer starting at higher doses prior to
the patient enrollment in the clinic.
Further assessment of the findings reveal certain clini-
cally relevant trends including, but not limited to, the
influence of age, timing of rifampicin and warfarin use,
impact of comorbid conditions, and effect of concomitant
medication use. When looking at patients at the extremes
of age (case 6 [9 years old] and case 10 [71 years old]), a
smaller percentage increase in the weekly warfarin dose is
seen. The dramatic impact of the timing of rifampicin use
and warfarin therapy can be seen when looking at the
results of case 1 and case 7 as these cases required a rel-
atively large increase in their weekly warfarin dose of
177.3 and 89.3 % respectively. In both of these cases,
warfarin therapy was started within 2 weeks of starting
rifampicin. The impact of comorbidities on warfarin dosing
in the presence of rifampicin can be seen amongst cases 2
(RHD), 3 (HIV [not on antiretroviral therapy]), 4 (severe
osteoarthritis), and 10 (cerebral infarct). These patients
required only modest increases or decreases from their
original dosing regimen.
4 Discussion
This case series highlights the highly variable response to
the drug interaction between rifampicin and warfarin
amongst rural resource-constrained patients in western
Kenya. While much of this variability can be partially
explained by the comorbid conditions and other anticoag-
ulation modifying characteristics of patients, this case
series highlights the extreme unpredictability of this
interaction and need for individualized therapy. Patients
tended to require a higher than normal weekly dose
(73.1 mg per week (10.4 mg/day). However, the inter-
quartile range for these findings was quite large, limiting
the ability to provide uniform dosing guidance for future
patients that may encounter this drug interaction. The TTR
for patients receiving rifampicin and warfarin was lower
than the TTR for patients not utilizing rifampicin in clinic.
Although, the difference in TTR was not statistically sig-
nificant, it highlights the added difficulty in managing
anticoagulation therapy in these patients. In addition, dis-
tinct patient characteristics such as, age, start dates of rif-
ampicin in relation to warfarin, and co-morbid conditions
likely play a role in the intricacy of dosing and monitoring
requirements of these patients.
The findings regarding the impact of age on warfarin
dosing are supported by the well-documented physiological
changes that occur in these age groups. In pediatrics, the
hemostatic system is a dynamic and evolving entity with
both quantitative and qualitative changes in its compo-
nents. The changes affect the concentration and function-
ality of the blood clotting factors. The differences in the
system are marked in neonates and infants and continue to
mature during childhood until reaching full development
during adolescence [24, 25]. These changes affect the
response to anticoagulant agents. Also, in studies carried
out in children, age has been shown to affect the pharma-
cokinetic and pharmacodynamic responses to anticoagu-
lants [26, 27]. This may possibly explain the small change
in weekly warfarin dose in case 6. On the other extreme,
the geriatric population (age [65 years; Case 10) is asso-
ciated with lower than usual warfarin dose requirements,
which may be attributed to impaired enzyme induction in
the elderly [2, 28]. Clinicians should be cautious when
adjusting warfarin doses in patients at the extremes of age
due to the variation in the hemostatic system and drug
pharmacokinetics.
In addition to the age of the patient, the start date of
rifampicin in relationship to warfarin utilization can have a
direct impact on the degree of necessary dosing adjust-
ments of the anticoagulant. In patients who started rifam-
picin therapy within two weeks of starting warfarin, the
impact of rifampicin timing was quite pronounced as most
patients required large increases in their warfarin dose to
compensate for the emerging induction of warfarin
metabolism. The increase in weekly warfarin dose may be
attributable to the time required to induce hepatic enzymes
involved in warfarin’s metabolism by rifampicin, typically
seen 1 to 2 weeks after starting long-term rifampicin




Age (years) 29.5 (20.75–52.75)
Percentage increase in weekly warfarin dose to
achieve therapeutic INR (%)
15.7 (3.15–146.1)
Median weekly warfarin dose on attaining a
therapeutic INR
73.1 (38.8–81.6)
Median daily warfarin dose on attaining a
therapeutic INR
10.4 (5.5–11.7)
Days to therapeutic INR (days) 61a (18–65.25)a
Time in therapeutic range (TTR) (%) 47 (30–54)
a Includes only the patients who reached therapeutic INR during their
anticoagulation therapy (n = 8)
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therapy [10, 29]. These cases can be contrasted with cases
2, 3 and 4 whose warfarin therapy was started more than
2 weeks after the initiation of rifampicin. The percentage
increase in weekly warfarin dose in these patients was not
as dramatic (16.0 %, -4.8 % and 15.3 % respectively).
However, exceptions to this observation exist such as that
seen in case 8. Case 8, a 38 year-old female on warfarin
therapy due to pulmonary embolism and DVT, was on
rifampicin treatment for more than two weeks before
warfarin was started, and yet showed a 440.9 % increase in
weekly warfarin dose from the initial starting dose. Com-
pared to cases 2, 3 and 4, described above, the timing of
warfarin initiation in relation to the commencement of
rifampicin therapy in case 8 should have resulted in a less
dramatic percent increase in the warfarin dose. Clinicians
should therefore anticipate a large percentage increase in
weekly warfarin dose and should frequently assess patients
whose warfarin therapy is started simultaneously or within
2 weeks of initiating rifampicin. Empiric dose adjustments
based on the start date of rifampicin are not recommended.
Table 1 also highlights the potential impact of other
concomitant interacting medications as several of the
patients were on antibiotics (amoxicillin/clavulanic acid,
sulfamethoxazole/trimethoprim), cardiovascular medica-
tions (furosemide), pain medications (paracetamol, ibu-
profen) and mental health medications known to alter the
response to warfarin [30–36]. Without an appropriate
control group, it is difficult to determine how these medi-
cations might have impacted the response to the drug
interaction between warfarin and rifampicin. In addition,
many of these patients had other co-morbid conditions,
which can increase the complexity of warfarin therapy.
Such patients are also more likely to have unpredictable
variations in their overall health status and concurrent
medications that may potentially interact with warfarin,
requiring more intense monitoring of INR and adverse drug
reactions [37].
This study possesses certain key limitations largely
related to its retrospective nature and reliance on data
obtained during the routine clinical encounter. While the
study was able to definitively determine the adherence to
warfarin, adherence to other medications was based purely
on patient self-report. With the case series design of this
investigation, the ability to form conclusive recommenda-
tions on the dosing of rifampicin in different populations is
difficult as a comparison control group is lacking and the
patient population is small.
5 Conclusion
With access to healthcare infrastructure in sub-Saharan
Africa continuing to grow, there is an emerging need for
contextualized research describing the unique dynamics
and responses to therapy in these populations. As shown
within this case series, previous case report findings and
recommendations from resource-rich settings, which
illustrated the need to drastically increase the warfarin
dose, would result in significant overdoses for the majority
of patients within this setting. Based on the findings, it is
recommended that patients on concomitant warfarin and
rifampicin therapy be rigorously monitored with regular
INR checks and warfarin dose adjustments. Empiric dosage
changes should be discouraged due to the unpredictability
of response to this exigent interaction. Also, more studies
should be carried out to enhance the comprehension of
factors influencing the variation in warfarin dose in such
patients in the sub-Saharan African population.
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